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Abstract

A large number of fiber optic cables were used in support of a neutron imaging experiment
at the Nevada Test Site. This paper describes the quality control testing of fiber compo-
nents used on this experiment. The principle reason for quality control testing was to
ensure reliable, high trunsmission fibers; a secondary reason was to gain data on a large
sample of fiber cidbles in the field. Also described is the instr:wentation developed for
carryina out these field measurements. The design of the quality control instrumentation
was & compromiase betweun accuracy and simplicity of use.

Introduction

An overview of the experiment is described in a separate paper . A single fiber channel
shown in Figure 1, from the array of 152 channels, consisted of both pPCS (plastic clad sil-
ica) and GI (graded index) fibers. The PCS and GI fibers were connectorized on both ends.
The PC6 fiber had o ferrule of EG4G design on th: end near the fluor cecll and an ITT FON
connector on the other end, A particular prob'em with PC5 fiber is the necd to strip the
plastic cladding to firm!, secure the fiber in epoxy for polishing. This removal of the
cladding causes mode stripping in the connector and results in high losses. To combat the
Problem, a few-micron thick, low-index Optolecom coating was used to coat the core. The Gl
fibor had ITT FON connectora on both ends. A number of the Gl fibers had fusion welds necar
the center of the cable.

Quality control measurcments

Five parameters wcre evaluated; transmission at 808 nm, core dlameter, numcrical aper-
ture, core concentricity, and ekew angle. The measuremcnts werc done with an EGeG-built
instrument (Figure 2). All of the measurements except transmission were made by taking a
photograph on Polaroid film and making dimenslonal measurements on the tilm., The trans-
mission measurcments wore made with a plg-tailed LED and a Photodync radiometet., A typical
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Figure 1. Block diagram of sinplue chan- Fieure 2. Hardware used in quality een-
nel in imaping experiment trol measurements

quality control sheot (Figure 3) showing the data on one Sliecor fibeor also showa the photo-
graphs from which the data areo extracted. Because the film is Polarold and the data are
extracted vithout using a microdenoitomoter, the accuracy of moapurementn ir )ow compared to
standard laboratofy taechniques. Howsaver, this system is ahle to process a larqge number of
fibers in the fleld In a short period of time., A quick measurement of the photograph was

done in the fiela uning a tomplate., Later, those woasurcments were rechecked In the
laboratory.



For cables that were welded,
lomain reflectometer (OTDR).

the wecld losses were measured with a Siecor optical time
The measurements werc made from both ends of the cable. A

:ypical OTDR data sheet showing Polaroid photographs of the Rayleigh back scatter is seen in

"igure 4. Various sections of
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Fipure 3.

Typical quality contrul data sheet

the oscilloscope traces are identified in Figure 5.
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Fipure 4.

Typical OTDR data wsheet

Fipure 5. Oncilloncone trace obtained

uging an OTDR



Results

T.;e measurements made, and their results, are summarized in Figure 6. Transmiesion mea-
suremente were made on both Siecor cables and PCS fibers. All other measuremcnts were done
for only the Sjiecor cables. Transmission messurements were made by two indepcndent methods;
pigtailed LED and OTDR. There was a systematic difference between the methods due to the
inability of the OTDR to measure losses in the connectors. The average transmission value
achieved was well below our rojection criteria. The transmission distribution for both the
PCS Ffibers and Slecor cables are shown in Figures 7 and 8. Time constraints of the overall
oxperiment forced the use of a few PCS fibers with higher losses than acceptable.

PC8 TRANSMIBSION - BONARDA

FIBER OPTIC QUALITY ABSBURANCE » 3 T
wr BAVELINGTH - B0
M- e ol = ! AVENAGE TRARSLSSION - 143e8
! (L] STANDARD DI VIATION = 304D
nu— MMM | dlKermie | US| 1EG s 4
som | ammees | s | iz | o i N 1 p MR OF FIBLRS = 16)
N I S N LN B LT . o ﬂ 9
woumn | patmeus e | e e p ok ‘W
o e s .}- A ap '.- - ..'__._...'.. R s s 2 2
o T | Scowmtesan @ [ W e | et i BF ’%
i ]. .....p-..___inun_i" 40 o [ g%%//
WEARAL BRIV PugfematNC o, s | e s It //// p
: . Vo ' i {- 3 ///
S comctumcity | weaaTOSmen @ © U ot | mmEem " ///
| . . e . - Z
{ momas | e :Y‘ w " ] Jd- 7
[P U S FE R |

2 % .8, 0]
[T}

I 135 M 3 U B u L X I ¥ |

Fipure 6. Overview of fiber optic qual- Fipure 7. Histogram of PCS transmisaion
ity control testing

The weld losses (Figure 9) were mcasured with an OTDR. The dependence of the loss value
on tha direction of the measuromaent Is not well understood. In part, the lack of symmetry
may be in the weld itself, Vvariations in Raylcigh cocffliclents, numerlcal apertures, and
core diametors betwoen the two flbers welded may also contribute. The welding of Siecor
cables wa. a successful venture. The welding and OTDR mcasurements required two man dayn
per cable (8 fibers/cable) but the result (low insertion loss) made the effort worthwhile.
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Flgure h. Histopram of GI transminsion Fipure 9. OTDR mecasurcmentn of GT welds



Both the core diameter ard core concentricity were computed usling the same microphoto-
graph, White light injected into one end of the fibor is photographed through a 4#AX micro-
scope at the other end. The results (Figures 18 and 11) showed a surprisingly wide spread
in these parameters. The core is over exposed in this technique. A comparison between the
photographic technique and the more conven:ional measurement of the near fiecld radiation
pattern with a microphotometer revealed that the former technigue corresponds to a core
diameter at the 5% intensity level.

The numerical aperture and the skew angle were computed using the photograph of the far-
field radiation pattern. The skew angle depends upon the connector used and the angular
tolerances held in the polishing operatinn. With few exceptions, our results (Figure 12)
were acceptable. The numerical aparture values measured (Figure 13) were also acceptable,
however the spread of values was larger than expected.
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Conclusion

A hardware system for measuring flber parameters in the field before final installation
of the flbers was developed. is system was used on a large experiment requiring 18 f(iber
cables at the Nevada Test Site. The results showed a number of basic fiber parameters to
have a larger spread than previously believed.
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